Paralysis of the thumb due to low median-ulnar nerve damage is a common feature of the forms of leprosy in which the disease predominates in the nervesthat is, in types of leprosy on the tuberculoid side of the clinical spectrum. The frequency of the lesion varies from country to country according to the predominating type of leprosy. In Kenya, the tuberculoid form is reported in as much as 90% of cases; in Ethiopia, it is less than 30%. But it must be remembered that in a population unused to Western medicine, a lesion may seem to be more frequent because the population tend to seek surgical treatment only for conditions which are known, by experience, to be successfully treated by Western doctors.
The classical treatment for low median-ulnar thumb palsy or 'monkey thumb' (Fig 1) consists of the transplant of a single tendon from an active muscle to replace the several palsied ones. This condition occurs commonly in types of leprosy on the tuberculoid side of the clinical spectrum, and is associated with widespread anwsthesia of the hand which is responsible for damage to the fingers. Flexion of the tip of the thumb, mobile at first and contracted later. is a constant feature in long-standing cases The tendon, usually that of the fourth flexor digitorum sublimis, is re-routed in various ways from the region of the wrist across to the thumb (Fig 2) . It may be hooked round the palmar fascia (Jacobs & Thompson 1960) or round the distal part of flexor carpi ulnaris by a loop of tendon (Riordan 1953) or through a tendinous ring at the pisiform bone (Bunnell 1938) .
Brand describes the use of the tendon of extensor indicis proprius re-routed through the lower forearm between radius and ulna and round palmaris tendon towards the thumb (White 1960) . The insertion of the tendon varies according to the movement it is hoped to produce; thus it may be inserted round the neck of the first metacarpal to produce flexion-opposition or into the tendon of abductor polJicis brevis if abduction is desired. A slip is sometimes prolonged to the extensor tendon of the thumb to counteract the tendency to flexion of the tip (Brand 1964) . All these operations are open to the criticism that they endeavour to replace, by one tendon,
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Section ofSurgery movements which are basically in two planes at right angles with superadded rotation. It is unlikely that one tendon wherever placed could accomplish thisit is in fact physically impossible.
The procedure described in this paper and used in 30 cases meets this objection by tlfe use of two tendons, each in one plane of motion; it combines the movement of rotation with flexion as in classical operations. Since a fully developed 'monkey thumb' never recovers spontaneously, the operation is done as soon as pre-operative care is accomplished.
Rationale
The movements of the thumb which combine with the fingers to make a useful hand are based on the saddle-shaped joint at the base of the metacarpal. This joint is concave in the anteroposterior direction and convex in the radio-ulnar direction. In addition the capsule is normally lax enough to permit rotation to occur. The combined movements allow the thumb to be placed in any position in front of the fingers. Since two movements in planes at right angles to each other cannot be replaced by a single tendon in any position, two tendons are used: (1) The tendon of extensor indicis proprius to replace abduction.
(2) The tendon of the flexor sublimis to replace loss of flexion and opposition.
Anatomy
The sublimis transplant: The flexor sublimis of the fourth finger has long been used as the motor for the thumb and many surgeons have been surprised at the size and strength of this tendon which is placed on the 'weak' side of the hand. In fact, the ring and little fingers together provide the power grip of the hand in contrast to the precision grip of the index and long finger (Napier 1956 ). Since in leprosy there is associated loss of sensationso that the delicate movements of precision cannot be replacedit is important not to compromise the power grip which is less reliant on sensation; indeed patients who have suffered transplant of the fourth sublimis have on a number of occasions complained of the loss of power. For this reason the sublimis of the fourth or fifth finger is not used and the third is the first choice. In all cases, this restriction is overruled whenever the loss of a finger by previous damage allows the sublimis to be used without loss of existing power.
The extensor transplant: The extensor indicis
proprius is ideally suited both in size and in power to replace the abductor pollicis brevis; it is seldom paralysed in leprosy. The two muscles act synergistically in the initial stages of the grasp and for this reason the patient rapidly learns the new use of the tendon. Furthermore, the constant extension of the abductor insertion into the dorsal apparatus of the thumb enables the graft to assist extension of the distal joint in the same way as the transplants in the other fingers.
The variations of extensor indicis proprius have to be kept in mind. According to Kaplan (1965) these are as follows: the tendon may be absent or double with insertion into index only, into index and middle finger or index and extensor pollicis longus tendon. In the present series of 30 cases, the tendon was single and easily dislocated in 26, absent in 2, and in 2 cases there was a double insertion into index and middle finger. Where the tendon was absent (in the two hands of the same patient) extensor digiti quinti proprius was present and was used instead. A variation present on one hand of a patient is very likely to be present on the other and includes absence of the tendon or its division into two parts.
Indications: Paralysis of the thumb due to leprous neuritis is unlikely to recover, so it can be assumed that an operation will be indicated. There are two essentials for success: an adequate web allowing the desired movements to occur and a mobile metacarpocarpal joint. Both web and joint movement may be limited owing to long disuse and contracture may follow the oedema that is common during the acute phase of the neuritis. The web of the thumb should be large enough to allow all the movements of the thumb but it should be remembered that a village African uses his hand mainly for power movements of large tools so that a completely mobile web is not always essential. This is mentioned because it is not possible to be completely certain of the success of a free graft in such cases and a X L_ ( failed graft with subsequent contracture is often worse than the original limitation. If the web is operated on, the opportunity should be taken to examine the joint at the base of the thumb which is also the cause of restricted movement. Freedom of movement at the base of the thumb is also an essential for success and much can be gained by physiotherapywax baths, assisted movements. Rotation, also a function of this joint, is less easy to restore and some loss often has to be accepted.
Technique
Nine small incisions are used (Fig 3) and the total operating time should be 45 minutes; this requires a certain agility but the procedure is straightforward. All incisions are so placed as not to overlie a transplanted tendon; all tendons are sutured under slight tension. In the present series, brachial block has been used and a tourniquet applied.
The extensor transplant: This transplant is done first; the extensor indicis proprius is detached 1 cm distal to the knuckle of the index on the ulnar side of the extensor communis. Through the small incision, a long thin blunt scissors is passed alongside the tendon towards the wrist; if this is pushed without any cutting movement, it will free the tendon for dislocation. Any difficulty should be a sign of possible abnormal insertion of the tendon; in this event, a small incision should be made at the point of resistance. This was necessary twice in 30 operations.
A curved incision is then made over the lower end of the radius and the extensor digitorum tendons are raised. The first muscle encountered below these tendons is extensor pollicis longus; the extensor indicis proprius lies further medially to it. At this level the tendon can be faintly seen embedded in the muscle. A curved mosquito forceps is passed round the muscle which is dislocated with its tendon; moderate force only should be used or the tendon may come adrift from the muscle. (In practice, the tendon is not withdrawn until the following incisions have been prepared.)
A small incision in front of the wrist allows the tendon to be passed through to the front of the wrist between the lower ends of radius and udna on the ulnar side of palmaris longus. Finally, a curved incision over the distal inch of the first metacarpal on its radial border allows the tendon to be drawn through so as to lie alongside abductor pollicis brevis.
All incisions are now closed except the last.
The sublimis transplant: The sublimis tendon is now divided at the base of the chosen finger and withdrawn into the palm through an incision in the centre of the palm lying parallel to the borders of the hand, usually in a secondary crease beginning centrally 3 cm distal to the most distal crease of the wrist. At this level, the tendon is deep but can be found by blunt dissection, avoiding the palmar arches. The tendon is withdrawn into the wound and hooked round the fourth sublimis and then subcutaneously to a small incision halfway to the head of the first metacarpal. Here the tendon is withdrawn and divided into two slips. One slip is drawn into the earlier incision over the head of the metacarpal and then round the neck of the bone, across the first tendon graft to an incision on the ulnar side of the distal inch of the first metacarpal, where the capsule of the joint is prepared to receive it. The second slip passes to an incision over the extensor tendon at the distal joint of the thumb.
The palmar incisions and that at the base of the finger are now closed before the thumb is positioned.
The thumb is now positioned for suture by placing a rolled-up towel in the palm of the hand and holding the thumb across it in abduction, flexion and rotation (opposition), as far as each movement will allow; it is important to maintain this position during suture. First suture: extensor indicis is sutured to the tendon of abductor pollicis brevis and the incision closed. Second suture: the first slip of sublimis is sutured to the capsule of the metacarpophalangeal joint of the thumb on its ulnar side; the incision is then closed. Third suture: the second slip of sublimis is passed through a slit in the extensor tendon and sutured with the tip as extended as possible; the skin is then closed. A large ball of steel wool now replaces the towel roll and the thumb is bandaged, with a pressure dressing, in this position. The tourniquet is then released.
Stitches are removed after three weeks; it will be found that at the end of the first day the patient has learnt to abduct and flex separately; if physiotherapy is available, the results are even better.
Discussion
It is believed that the present procedure is an advance on the standard one-tendon transplants for restoration of movement to a thumb paralysed by low median palsy. In the literature available, no description of a similar combination of transplants has been found.
A criticism of the operation is that the slip of sublimis routed towards the thumb tip and aimed at counteracting the tendency to flexion of the tip (Brand) does not approach at so advantageous an angle as it does when routed from a tendon approaching the thumb from the wrist. A, restoration of abduction; this movement is usually fuilly restored by the graft of extensor poliicis brevis passing through the lower end of the forearm, between radius and ulna and around the palmaris longus tendon. Some rotation is also achieved by this graft. B, restoration offiexion and rotation; flexion is restored by the sublimis transplant passing around the medial edge of the palmar aponeurosis. Rotation is achieved by insertion of the tendon around the neck of the first metacarpal into the ulnar side of the capsuke of the metacarpophalangealjoint; it is often limited by stiffness at the base ofthe thumb in long-standing cases In an occasional patient, there will be excess mobility at the m--tacarpophalangeal joint so that the phalanx can be passively abducted by as much as 30 degrees or the thumb may be permanently in a position of abduction on the metacarpal dure to imbalance at the joint. In these cases it is the practice to insert the extensor indicis tendon, into the bone of the neck of the metacarpal. In 2 cases in which this was done it was found that the degree of tension recommended for the operation is too much for a bone insertion, so that the thumb tended to be overabducted and there was loss of power of opposition compared to those cases in which insertion was into the tendon of abductor pollicis brevis.
Results
It is not possible in the African scene to present results in the exact 'Western' manner; it is rarely feasible to trace a patient even a month after he has left hospital and he may have changed both his name and residence. However, the constant flow of new patients asking for the operation is an indication of the satisfaction felt by those operated on. When this is not so, patients in Africa are unlikely to seek operation for a condition in which they consider Western surgery has little to offer.
The immediate result (Fig 4) has been good, if not excellent, in all but 2 cases. In these 2, abduction was absent after removal of the stitches. In both cases the wrist incision was re-opened; the tendon was easily found and it was resutured through the old incision into the tendon of abductor once more. The result was then as good as in the other patients.
In 3 cases there was superficial infection of the skin wound of the palm and at the head of the metacarpal but no tendon became detached.
